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ABSTRACT/ RÉSUMÉ
Oil spills occur frequently due to negligence 
or through acts of vandalism or war. Marine 
oil spills damage marine, coastal, and ter-
restrial habitats, as well as impact coastal 
economies. In order to palliate such issues, 
researchers are working to develop cost ef-
fective and environmentally safe methods of 
adsorbing oil from oil spills. In this paper, 
a complex chemical compound found in 
the secondary cell walls of plants and ex-
tracted as a waste product of the pulping 
process known as kraft lignin was tested as 
an adsorbing material for oil spills. Lignin is 
light, and its high surface energy and wet-
tability allow it to interact with charged oil 
droplets. It was found that lignin can absorb 
80% of the carbon introduced into water 
by oil spills within 12 hours of treatment. 
This study demonstrates a novel method for 
resolving oil spills using kraft lignin. After 
it is saturated with oil, lignin can be inciner-
ated, and its high calorific value can be used 
to produce energy from what would other-
wise be a waste product.
INTRODUCTION
Water covers about 70% of the surface of our planet and exists in liquid, solid, and 
gaseous forms. Water is the most vital resource 
needed for the existence of life, thus making its 
substitution impossible. However, with the in-
creasing global demand for fuel, the cleanliness 
of this dynamic resource has often been com-
promised. One such example exists in the form 
of oil spills. Oil and chemical spill accidents 
are caused by vandalism, war, illegal dumping 
or by natural disasters such as hurricanes or 
earthquakes. Oil spills on land are relatively
Les fuites de pétrole sont produites fréquemment 
à cause de la négligence, des actes de vandalisme 
ou de la guerre. Les fuites de pétrole en mer en-
dommagent les écosystèmes maritimes, côtières 
et terrestres, et affectent les économies côtières. 
Pour atténuer de tels problèmes, les chercheurs 
tentent de développer des méthodes rentables et 
écologiques pour absorber le pétrole des fuites. 
Dans ce rapport, un composé chimique compli-
qué trouvé dans la paroi cellulaire secondaire 
des plantes et extrait comme produit résiduaire 
du processus de réduction en pâte, connu sous le 
nom de lignine ‘kraft’, a été testé comme matériel 
absorbant pour les fuites de pétrole. Les pro-
priétés de la lignine, y compris sa légèreté, son 
énergie de surface élevée et sa mouillabilité, la 
permettent d’interagir avec les gouttes de pétrole 
chargées. La lignine est capable d’absorber 80% 
du charbon introduit dans l’eau par les fuites 
de pétrole en 12 heures de traitement ou moins. 
Cette étude démontre une solution originale
pour l’absorption du pétrole des fuites pétro-
lières. Après avoir été saturée avec le pétrole, la 
lignine peut être incinérée, et sa valeur calori-
fique élevée permet la production d’énergie à 
partir de ce qui aurait été autrement gaspillé. 
easy to clean, as oil spreads relatively slowly 
on terrain. However, traditional methods to 
reduce their spread and impact on the environ-
ment, while being effective, have lacked effi-
ciency in offshore and shoreline oil spills. These 
pose larger problems due to the hydrophobic 
nature of oil. Water can be polluted quite rap-
idly by oil drilling operations, and spills from 
tanker loading and unloading operations. Mas-
sive marine oil spills have occurred frequently 
that resulted in a great deal of damage to the 
marine, coastal and terrestrial habitats with 
Figure 1  Scanning electron microscopy image of lignin 
at 100 magnification showing the vast surface area
Table 1  The change in TOC values with change in time (measured in mg/L)
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economic impacts on fisheries and tourism. 
 In order to palliate oil spills, research
ers are working to develop economical and 
efficient oil sorbents that are able to absorb or 
adsorb liquid oil. These semi-solid materials 
can then be removed from the water [1]. The 
preferable sorbent materials are those which, 
besides being inexpensive and readily avail-
able, demonstrate oil sorption capacity, low 
water pickup, reusability, high buoyancy, good 
physical resistance against deformation and 
photo-degradation, good chemical resistance 
against chemical attacks, high capacity for 
hydrophobic substances, high coherency, lower 
density than water, easy removal from water 
surface and partial recycling after use.
 Kraft lignin is one such product that 
displays the qualities of the preferable sorbent 
material [2]. Kraft lignin, having a complex 
structure (Figure 1), is produced as waste 
product of the chemical kraft pulping process 
to separate cellulose fibre from lignin [3]. The 
vast majority of the 47 bleached pulp mills in 
Canada employ the kraft pulping process. Pulp 
mills are actively researching alternatives to the 
disposal and recycling of lignin as they spend 
huge amounts of money for its disposal. The 
annual sales of lignin amount to only 1% of its 
total production; the remaining 99% is burnt 
in an energy recovery step or disposed of in 
waste streams. Lignin has previously been used 
in agricultural products, asphalt, and wood 
adhesive. However, this material has never 
been uniquely studied as an oil spill adsorb-
ing agent. The main purpose of this study is to 
determine whether kraft lignin can act as an 
oil-adsorbing agent to clean bodies of water.
RESULTS
The results of TOC tests, which are an indicator 
of the cleanliness of water, are reported in Table 
1.  It was found that the concentration of TOC 
in water samples in the contaminated samples 
was much higher than that in the water sam-
ples that were treated with lignin. These results 
are plotted for gasoline and diesel oils sepa-
rately in Figures 2 and 3, respectively.  
 Three different treatment times (6 
hours, 12 hours, and 24 hours) were compared 
to find the optimum adsorption time in both 
gasoline and diesel oil samples. It was found 
that 12 hours was the optimum treatment time 
with kraft lignin, as it most effectively reduced 
80% of the total organic carbon concentration 
from each of the gasoline and diesel solutions. 
In both control samples, contaminated by 
gasoline or diesel, the initial TOC concentration 
was extremely high, indicating higher amounts 
of contaminants. After the 12 hour time period, 
the concentration of TOC decreased dramati-
cally, representing reduced amounts of contam-
inants. 
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Figure 4  Due to its hydrophobic nature, Kraft Lignin can 
easily be employed and retrieved using preexisting meth-
ods without the potential risk of further pollution [6]
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DISCUSSION
The conservation and protection of water is an 
increasingly important matter. In this study, 
kraft lignin, a waste product of kraft pulping, 
was used as an oil spill-adsorbing agent. Oil 
contamination was reduced by a great extent 
after treatment with kraft lignin, consistent 
with previous studies [3]. Treatments shorter 
than 12 hours reduced the concentration of oils, 
while increasing the treatment time to 24 hours 
caused an increase in the concentration of TOC 
in the water samples. The latter can be attrib-
uted to disintegration of lignin in solution. To 
maximize the utility of lignin, the substance 
can be activated using potassium hydroxide 
(KOH). Overall, this study contributed evi-
dence towards the hypothesis that lignin, a 
waste product of pulp production, can act as an 
effective low cost solution for oil spills. 
 Some of the largest marine oil spills in 
history include those in the Gulf of Mexico in 
1979 (480,000 tonnes), Trinidad and Tobago 
in 1979 (287,000 tonnes), Persian Gulf in 1991 
(1,500,000 tonnes), Fergana Valley Uzbekistan 
in 1992 (285,000 tonnes), and the Gulf of Mex-
ico in 2010 (574, 000 tonnes). The devastating 
effects include the drowning of birds, human 
disease disease due to consumption of infected 
meats, destruction of coral reefs and algal 
fields, deformities in marine animals, hypother-
mia of seals due to oil build up on insulating 
fur, destruction of breeding fields for animals, 
and destruction of coastal life. With the use of 
lignin as an adsorbing agent, millions of dol-
lars worth of oil can be extracted back from oil 
spills and the lives of millions of sea animals 
can be protected. 
 Lignin is the second most abundant 
renewable carbon source present on the Earth 
[4]. Around 40 to 50 million tonnes of lignin are 
produced worldwide every year, the majority 
(99%) of which is produced as a non-commer-
cialized waste product. Lignin production is 
expected to rise significantly with the current 
shift toward bio-refineries, in which lignin is 
also a by-product. To further make use of kraft 
lignin, the oil soaked lignin (Figure 4) can be 
employed as a fuel source.
FUTURE DIRECTIONS
The main purpose of this study was to de-
termine whether lignin can be used as an oil 
adsorbing agent for cleaning oil spills and to 
further study the optimum treatment time for 
the adsorption process. Lignin was chosen as 
the adsorbing agent due to its ability to form 
hydrogen bonds with oils. It was found that 
lignin removed the majority of the carbon con-
tent that contaminates water during oil spills. It 
was also found that 12 hours was the optimum 
time of treatment for the removal of oil from 
water. The results of this study not only project 
reduced expenditure on waste management, 
but also provide an economical solution for 
cleaning oil spills. Future studies should inves-
tigate the treatment of lignin with potassium 
hydroxide (KOH), in order to better utilize the 
compound’s vast surface area.
MATERIALS AND METHODS
Kraft lignin was obtained from Resolute For-
est Products, a local pulp and paper industry 
in Thunder Bay, Ontario. In order to perform 
preliminary testing, 5g of kraft lignin was dried 
in a conventional oven at 70oC for 24 hours to 
remove any pre-existing moisture. 10mL of gas-
oline and 100mL of water were measured using 
a graduated cylinder. The dried sample of kraft 
lignin was added to the oil. This solution was 
then placed in a 500mL beaker, properly 
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covered to limit evaporation, and stirred for 24 
hours. The next day, the oil was removed from 
the stirring machine and placed on a centrifuge 
to assist the lignin particles in settling down. 
The solution was diluted to a ratio of 1:100 in 
water (0.5 mL solution in 49.5 mL water) and 
sent to the ALS Laboratory for testing Total 
Organic Carbon (TOC), an indicator of the total 
quantity of oil removed. In the second experi-
ment, diesel fuel was used as a secondary fuel 
source. In order to explore the optimum treat-
ment duration, 40g of kraft lignin was dried 
at 70oC for 24 hours and divided into eight 
equal portions of 5g each. One sample of 10mL 
of each type of oil (gasoline and diesel) and 
100mL of water were set up as the control data 
for this experiment, as these samples were not 
treated with kraft lignin. Four other samples of 
10mL of each type of oil (gasoline and diesel) 
and 100mL of water were prepared, and 5g of 
kraft lignin samples were mixed with each oil 
sample. The solutions were then placed on a 
magnetic stirrer for treatment. To measure the 
optimum time, one set of samples was treated 
for 6 hours, one for 12 hours, and one for 24 
hours (Figure 2 and 3). After complete treat-
ment as defined in the first experiment, the 
samples were sent to ALS Laboratories for TOC 
testing. The whole experiment was repeated 
three times and the results were averaged for 
analysis. Visual observations of different treat-
ment were also taken.
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REVIEW OF  "KRAFT LIGNIN: A NOVEL 
ALTERNATIVE TO OIL SPILL CLEANUP 
AND RECYCLING INDUSTRIAL WASTE"
Reviewed by: Chet Bhatta, MSc, MASc (OCT) 
Doctoral Candidate, Department of Ecology 
and Evolutionary Biology, University of Kansas
Growing worldwide concern about the ur-
gent need to control accidental and deliberate 
release of oil during transportation and storage 
brought up several remedial responses. A wide 
range of materials for oil remediation have 
actually been employed such as dispersants, 
absorbents, solidifiers, booms and skimmers. 
All of these materials have their own potentiali-
ties to deal with oil spill cleanup. Among them, 
absorbent materials are attractive for such ap-
plication because of the possibility of collection 
and complete removal of the oil from the oil 
spill site. Addition of absorbents to oil spill ar-
eas facilitates a change from liquid to semi-sol-
id phase and once this change is achieved, the 
removal of the oil by removal of the absorbent 
structure then becomes much easier. In some 
cases, these materials can be recycled as well. 
Some properties of good absorbent materials 
include hydrophobicity and oleophilicity, high 
uptake capacity, retention over time, oil recovery 
from absorbents, and the reusability and biode-
gradability of the absorbents. Comparative lab 
based studies on the efficacy of these materials 
would be very important to reduce the oil spill 
cleanup costs from different sites of oil spills. 
 This paper entitled, " Kraft Lignin: 
a novel alternative to oil spill cleanup and 
recycling industrial waste" by Ankur Shahi 
investigates the potential use of kraft lignin in 
the oil spill cleanup and its advantages. It is 
really inspiring to read this article based on the 
scientific idea and a laboratory based experi-
ment conducted by a secondary school student 
who will definitely have a bright future in the 
field of environmental applied science and 
management. This topic has a great potential 
in environmental remediation if the laboratory 
experiment further contrasts and quantifies the 
efficacy of kraft lignin in the oil spill cleanup 
in comparisons to other resources which have 
already been used in the practice. Author must 
be appreciated for the nature and quality of 
work however, the manuscript has several gaps 
that must be addressed before considering for 
the publication. Here are a few ways by which 
the paper could be enhanced:
 The content wasn’t a problem but 
the sentence structure and the way some of 
the information was presented needed to be 
changed. Also, some of the sentences were a 
little awkward, and could be simplified so the 
reader doesn’t have to go back and re-read 
them like I did.
 This article relied on very few refer-
ences, I would like to recommend on getting a 
few more literature so it will give both author 
and readers more information on oil spill and 
its remediation procedures.
 The  order of the contents in this paper 
should follow the journal format. For instance, 
key words should be followed by abstract and 
materials and methods section is more relevant 
before results section.
 Results section was too short and dis-
cussion part repeated the basic information al-
ready presented in the introduction. In fact, re-
sults section may be combined with discussion 
where the results of this experiment should be 
explicitly compared and contrasted with find-
ing of other relevant researches. For example, 
author should elaborate on what are the other 
materials currently used for oil spill cleanup 
and their downside in application which might 
be resolved by the use of kraft lignin.  
 Conclusion section was entirely miss-
ing. It is very important to have a concluding 
paragraph that summarizes the research find-
ings.
 The reference section was not consis-
tent. It is highly recommended that author 
should follow the certain style of referencing 
such as APA or MLA format and be consistent 
throughout the article.
 The laboratory based experiment pre-
sented in this article is really interesting and I 
would like to encourage the author to explore 
further ideas by incorporating multiple ap-
proaches which might come up with milestone 
discovery in oil spill cleanup. I am really glad 
to have this wonderful opportunity to read and 
review this paper on behalf of Canadian Young 
Scientist Journal.     
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